Introduction
Freshwater studies of Hawaiian stream fauna have been historically focused on the amphidromous fish (Zink et al. 1996 , Chubb et al. 1998 , while aquatic insect studies have been largely limited to taxonomic descriptions and reports of species distributions and exotic introductions (Williams 1944 , Wirth 1947 , Englund 2002 . While the enormous contributions of R.C.L. Perkins (reviewed in Liebherr & Polhemus 1997) and Elwood Zimmerman's Insects of Hawaii (Zimmerman 2001 , Vol. 1 reissue) provide extensive insect taxonomy, both only briefly note on the ecology and biology of Hawaiian insects. Besides a few recent ecological papers (see below), there has been relatively little published on Hawaiian larval aquatic insect ecology when compared to studies from mainland lotic systems. More studies of tropical stream insects are needed for a more global knowledge base in aquatic entomology (Jackson & Sweeney 1995) .
The paucity of Hawaiian aquatic larval insect ecological publications was interrupted by a study by Kondratieff et al. (1997) , that documented the life cycle of an introduced caddisfly, Cheumatopsyche pettiti Banks, while Benbow et al. (1997) published data on the habitat preferences of the endemic midge of this study, Telmatogeton torrenticola Terry (Diptera : Chironomidae : Telmatogetoninae). More recently, a study by McIntosh et al. (2002) addressed the effects of reduced flow on stream macroinvertebrates, while Englund and Polhemus (2001) evaluated the effects of rainbow trout on native stream insect assemblages of Kauai. Wolff et al. (2002) documented new state records of Hawaiian Chironomidae, but there was no quantitative information presented. Beyond several studies providing island distribution, phylogeny and habitat characteristics of the Megalagrion complex (Polhemus & Asquith 1996 ; Polhemus 1997 , Englund 1998 , Englund 1999 , there have been few other published studies providing quantitative, ecological data on other aquatic insect groups (e.g., Diptera).
Because of this lag of ecological information, we conducted several studies addressing the ecological dynamics of Hawaiian stream insect assemblages (Benbow 1999) . One of these studies focused on T. torrenticola, found only on the islands of Hawai'i, Maui, and Moloka'i (Williams 1944 ). There have been three studies addressing the evolutionary relationships of the freshwater Telmatogeton species and their marine relatives of Hawai'i (Tokunaga 1935 , Newman 1977 , Newman 1988 , while only short descriptions of taxonomy and habitat provided limited ecological data (Williams 1944 , Wirth 1947 . This species complex is unique, with the five Hawaiian freshwater Telmatogeton species as the only freshwater representatives of the genus, reflecting a reinvasion of freshwater from a marine ancestor (Wirth 1947 , Newman 1977 , Newman 1988 . Further, the marine species of this genus are found throughout the world in intertidal habitats (Cranston 1995) , and the freshwater Hawaiian Telmatogeton are found primarily in torrenticolous microhabitats, a unique and uncommon microhabitat for chironomids. In a previous study (Benbow et al. 1997) , we quantified the micro-scale flow and depth habitat of T. torrenticola, but to our knowledge there are no other published, quantitative studies on the biology or ecology of any Hawaiian freshwater Telmatogeton species.
The objectives of this study were to quantitatively describe the larval densities and life cycle characteristics (e.g., relative instar abundance and voltinism) of T. torrenticola in microhabitats between two summers of significantly different mean daily discharge. Our null hypothesis was that larval density and life cycle characteristics would not change significantly between years or microhabitats of differing flow. Benbow et al. 1997 and Benbow 1999) . Kinihapai Stream is a stair-step sequence of riffle, run, waterfall, and pool habitats, and is characterized by a stochastic flow regime with highest flows typically occurring during the wet season from October -April. Cascades in the study reach were < 2 m high and defined by constricted flow over large boulders. The substrata of cascades and splash zones (optimal habitats in this study) were colonized by T. torrenticola populations and characterized by a thin, dark-brown epilithic layer and little filamentous algae. See Benbow et al. (1997) and Benbow (1999) for more details regarding the study site. Table 1 shows the stream discharge statistics for each year.
Methods and materials

Microhabitat classification
During the 1994 summer, we quantified the microflow habitat (i.e., habitat micro-scale velocity, depth, and Froude number) using a thermistor-based flow meter at 2 mm above T. torrenticola larvae (Benbow et al. 1997) . In that study, 3 rd and 4 th instars were quantified using visual counts and benthic collections of larvae greater than about 10 mm total body length (see methods of Benbow et al. 1997) . From these flow and density data, we have grouped microhabitats into optimal (OP) and suboptimal (SOP) classes for this study. When the sites of Benbow et al. (1997) were grouped into these two microhabitats, mean micro-scale velocity, depth and Froude number for OP were 56.7 cm.s -1 , 2.3 cm, and 1.23, and for SOP they were 31.2 cm. s -1 , 36.1 cm and 0.17, respectively (means calculated from data in Table 1 of Benbow et al. 1997 ). The mean velocity of OP microhabtitats was more than 20 cm.s -1 greater than SOP, that when considered with depth and acceleration due to gravity, generates critical velocities (Froude number) that are an order of magnitude greater in the optimal conditions. The OP microhabitats represent cascades, splash zones and areas of shallow, high velocity flow in areas of constricted flow between boulders or the lips of waterfalls. However, cascades and splash zones (or lips of waterfalls) were not prac-tically sampled for quantitative measurements of flow or larval densities. Suboptimal microhabitats were areas of riffle-like flow of moderate velocities and variable depth, which appeared to be well oxygenated. Larvae were restricted to areas of adequate flow velocity (the lower end velocities represented by the 1994 SOP sites ; Benbow et al. 1997) , and were not found in pool or run habitats. Although micro-scale flow velocities were not measured in 1995, flow was observed to be consistent with 1994 optimal microhabitats, only more shallow (Tables 2 and 3 ).
Benthic collections
Larval collections were made throughout the summers of 1994 (14 sampling dates between 30 May -14 August) and 1995 (10 sampling dates between 7 May -23 August) using benthic scouring methods (using a net with 320 µm mesh) described by Benbow et al. (1997) . In 1994, both OP and SOP microhabitats were sampled while only OP were sampled in 1995. It was not practical to take SOP benthic samples in 1995 due to a substantial reduction in T. torrenticola larval habitat and associated populations (Benbow 1999) . Thus, effort was concentrated on increasing sample size in OP microhabitats from 3 samples per day in each habitat (both SOP and OP ; N = 3 each) of 1994 to 12 samples per day in OP microhabitats of 1995 (N = 12). In addition, the study reach was increased from 50 m in 1994 to 200 m in 1995, in an effort to find colonized substrates suitable for quantitative benthic collections. Although we did not quantify the relative areas of OP vs. SOP microhabitats of the stream reach, it was apparent that both microhabitats were nearly equally represented for potential colonization. In these high gradient mountain streams, cascades and areas of torrential, constricted flow are abundant. Benthic collections were staggered among the sites such that no site was sequentially sampled more frequently than once every seven weeks (see Benbow et al. 1997) . Stream water temperature measurements were made on most sampling dates from the same location in the study reach using a hand thermometer.
Laboratory Analysis
Larval headcapsule width (HW, in mm) measurements have been used to determine instar stage of chironomids in many studies (e.g., Berg & Hellenthal 1992 , Benke 1996 , and Prat & Rieradevall (1995) used both headcapsule width and length for chironomid instar discrimination. Thus, we determined instar stage using HW; however, because the larval body becomes curved after preservation, it was necessary to decapitate individuals in order to measure HW. In order to facilitate instar separation based on HW, we generated a linear regression model using headcapsule width on headcapsule length (HL, in mm). It was not necessary to decapitate each larva for an accurate measure of HL, which was used to predict HW. Of 1,358 larvae collected in 1994, HW and HL measurements were made on a sub-sample of 556 (41 % of total) for the regression (Fig. 2) . We used HW (or a predicted HW from the linear regression) in order to make these results more comparable to most studies of chironomid phenology (Berg & Hellenthal 1992 , Benke 1996 .
Density was calculated by dividing the total number of each instar or pupae by the area sampled for each sampling date ; hereafter, sampling date density refers to the value calculated from all samples on a particular date. The mean (± SE) values presented in the results section and termed mean sampling date density were taken as the mean of all sampling date density values within each year or habitat (see below). Differences in mean daily discharge, site depth, mean sampling date individual instar and total larval density, among habitats and years was tested by Wilcoxon/Kruskal-Wallis , 1993 , and 1994 , -September 30, 1994 . SD = standard deviation, CV = coefficient of variation.
rank sum test and a posteriori multiple comparisons using the Tukey-Kramer HSD method. Mean water temperature difference between years was tested using a Student's t-test.
Results
Stream hydrology
Kinihapai Stream is characterized by highly variable flow over short and long temporal scales (Fig.  1) . Mean daily discharge for Iao Stream (representative of Kinihapai Stream) was greater in the 1993 compared to the 1994 water year (October 1993 and 1994 -September 1994 . During shorter time intervals (e.g., three months for this study) discharge variation was still relatively high with frequent spates (Fig. 1) . When each water year (WY) hydrograph is plotted with the same maximum ordinate scales (i.e., 25 m 3 .s -1 ) the mean annual discharge differences are apparent ; however, the variation of 1994 water year (WY) is masked (Fig. 1) . The maximum discharge value (24 March 1994) was ~ 2X as great in the 1993 WY compared to the maximum peak in the 1994 WY (22.8 and 12.0 m 3 .s -1 for 1993 WY and 1994 WY, respectively). When 1994 WY is plotted with a maximum scale at 12.0 m 3 .s -1 , the daily flow variation becomes more obvious, as shown in the inset of Fig. 1b . Discharge variation was substantial both within and between water years and reflected by consistently high coefficient of variation (CV) values within each water year and study period (Table 1) . Over the long temporal scale mean daily discharge was significantly greater in the 1993 WY when compared to the 1994 WY (X 2 = 64.07, d.f. = 1, P < 0.001 ; Figure 1 ). At shorter temporal scales, the 1994 study period mean daily discharge was ~ 1.6X greater than 1995 (X 2 = 20.65, d.f. = 1, P < 0.001 ; Fig. 1 ) but the CV was smaller (Table 1) . Thus, these study periods represent significantly different flow regimes experienced by T. torrenticola larvae over long (between years) and short (three month study period) temporal scales.
There was a significant (F = 61.4, d.f. = 2, P < 0.001) difference in mean microhabitat depth among years and microhabitats with the suboptimal microhabitats of 1994 the deepest (25.9 cm) and 1995 habitats the shallowest (1.4 cm ; Tables 2 and 3 ). Mean water temperature was significantly (t = -4.19, d.f. = 37, P < 0.001) higher in 1995 (21.0 °C) compared to 1994 (19.9 °C).
Instar densities and life cycle
Instar HW ranges (mean ± SD) were ≤ 0.15 (0.13 ± 0.01) mm, 0.16 -0.29 (0.25 ± 0.02) mm, 0.30 -0.60 (0.48 ± 0.06) mm and > 0.60 (0.85 ± 0.12) mm for 1 st , 2 nd , 3 rd , and 4 th , respectively (Fig. 2) . Based upon these ranges there was little overlap between 3 -rd and 4 th instars in HW or HL along the regression and 4 th instars were identified as individuals with HW > 0.6 mm (see dashed line in Fig. 2 ).
Larval and pupal densities are presented for each sampling date in Tables 2 and 3 . Results of Wilcoxon/Kruskal-Wallis rank sums test found a significant effect of year and microhabitat on total larval density (X 2 = 17.29, d.f. = 2, P < 0.001) with 1994 OP significantly greater than both 1995 OP and 1994 SOP, which were statistically similar in Tukey-Kramer HSD comparisons (P > 0.05). This was also the case for both 1 st (X 2 = 22.25, d.f. = 2, P < 0.001) and 2 nd (X 2 = 18.62, d.f. = 2, P < 0.001) instars separately (multiple comparison at P > 0.05). However, there was no difference in 4 th instar density among years or microhabitats (X 2 = 0.332, d.f. = 2, P = 0.847), and 3 rd instar density in 1994 OP and 1995 OP were both significantly greater than 1994 SOP (X 2 = 14.73, d.f. = 2, P < 0.001), but not different to each other (P > 0.05) ; this was also the case when 3 rd and 4 th instars were pooled, but the difference was not as great (X 2 = 7.85, d.f. = 2, P = 0.020).
Interpretation of size frequency histograms found several overlapping generations indicative of a multivoltine life cycle with continuous reproduction (Fig. 3) . All larval instars were collected on most sampling dates and in each microhabitat. In optimal microhabitats of 1994 and 1995, pupae were collected on most sampling dates (Tables 2 and 3) ; however, pupae were only present on two sampling dates in 1994 suboptimal microhabitats (Fig. 3) .
The greatest mean sampling date density of pupae occurred in 1994 OP (70.m -2 ) with 1995 OP at about half that density (37.m -2 ) and 1994 SOP with the lowest (21.m -2 ) (Tables 2 and 3 ). The sampling date ranges were quite variable in 1994 OP (0 -231 pupae.m -2 ) and 1995 OP (0 -89 pupae.m -2 ). The percentage of pupae relative to the 4 th instar population (the next generation of pupae) in each habitat was variable among habitats of both years, and tended to remain consistent with the density differences among microhabitats (Tables 2 and 3 ). In 1994 OP microhabitats, the mean sampling date pupal density made up 7.3 % of the 4 th instar density, while 1995 OP and 1994 SOP had 4.5 % and 2.4 %, respectively. Even the highest percentage of pupae (26.3 %) on any date of both years (4) Table 2 . Mean sampling date density (individuals.m -2 ) and habitat depth (cm) of T. torrenticola larvae and pupae in 1994 from Kinihapai Stream, Maui, Hawai'i. Habitats correspond to optimal (OP) and suboptimal (SOP) microhabitats as described in the text. The percentage of pupae (% pupae) relative to 4 th instar density is given for each date. SE = Standard Error.
(a) The mean for % pupae was calculated as the mean pupal density/mean 4th instar density, and not for % pupae over all sampling dates because there were only two dates in 1994 SOP where pupae were collected. Table 3 . Mean sampling date density (individuals.m -2 ) and habitat depth (cm) of T. torrenticola larvae and pupae in 1995 from Kinihapai Stream, Maui, Hawaii. Habitats correspond to optimal (OP) and suboptimal (SOP) microhabitats as described in the text. The percentage of pupae (% pupae) relative to 4 th instar density is given for each date. SE = Standard Error.
LIFE CYCLE OF A TORRENTICOLOUS CHIRONOMID
(5) Fig. 1 . Iao Stream, Maui, Hawaii hydrographs for water years 1993 and 1994 (1a and 1b, respectively). Iao Stream mean daily discharge was used to assess Kinihapai Stream hydrology (Benbow et al. 1997) . Note the ordinate axis scales. The inset hydrograph in 1b shows discharge variation when plotted with a maximum ordinate axis value of 12 m 3 . sec -1 corresponding to the peak flow day of that water year. (6) (1994 OP : 14 August) was only about one quarter of the 4 th instar larval population. All instars were present throughout both study periods ; however, 1 st and 2 nd instar densities were relatively less abundant on most sampling dates in 1994 SOP habitats and 1995 OP microhabitats. Early instars are undoubtedly underrepresented due to the coarse net mesh size (320 µm) used ; however, this error is consistent among years and habitats. The short duration of the early instars may also be an important factor affecting 1 st instar representation. In 1994 OP microhabitats, 1 st and 2 nd instars made up substantial proportions of the total larval communities, if not the greatest percentage on a few dates (Fig. 3) . Life cycle studies normally report greatest abundance of 1 st instars with subsequent, sequential density decreases through to the adult stage (Benke 1998 ). This was only the case on some dates in OP microhabitats of 1994, once in the 1994 SOP and never in 1995 OP microhabitats (Figure 3 ). The lower 1 st instar proportions on sampling dates in 1994 SOP and 1995 OP microhabitats compared to 1994 OP suggests that larvae were consistently less abundant in the suboptimal microhabitats of 1994 and optimal microhabitats of 1995. The significantly lower 1 st instar densities corroborate the proportion data. Thus, early instars are both lower in density and make up a relatively smaller proportion of the larval population in suboptimal microhabitats. Conversely, 4 th instar density was not significantly different among habitats, and almost always made up the greatest proportion of the total larval population in 1994 SOP and 1995 OP microhabitats (Fig. 3) . Since the same methods and net sizes were used for all samples, sampling bias is not suspected to reflect these results. Rather, the data show that there is habitat segregation among the early and late instars of T. torrenticola.
In terms of instar proportions, 1995 OP populations reflect a larval size class structure that is intermediate between optimal and suboptimal microhabitats of 1994. When compared to 1994 SOP, 1995 OP microhabitats show more equal proportions among the 2 nd , 3 rd , and 4 th instars, which is similar to 1994 OP ; however, 1995 OP also had a much smaller proportion, and lower density, of 1 st instars on all sampling dates, which is more similar to 1994 SOP. In 1995, T. torrenticola microhabitats had flow and depth characteristics were similar to 1994 OP, but 1995 water temperatures were significantly higher. Thus, there was much less overall suitable habitat available in 1995 (we could not find comparable suboptimal sites in 1995), which may have acted to concentrate all instars into the same habitat. In 1994, the larger instars were more equally distributed between the optimal and suboptimal habitat classes (Fig. 3) .
Relative total larval densities were consistently higher in 1994 OP when compared to 1994 SOP and 1995 OP ( Fig. 3 ; darker and lighter indicate relatively higher and lower densities, respectively; among years and microhabitats). Although not comprehensively evaluated in this study, spate (S) and high water events (*) are indicated on each size frequency histogram for qualitative comparisons of these events on total instar density changes over time. Typically following a spate or high water event, larval densities were relatively lower, or unchanged, on the subsequent sampling date (Figure 3) . The time between water events and the next sampling date appeared to be important for noticeable density changes, where the longer the time since the event the less likely for a relative density decrease (or sometimes a slight increase) (Fig. 3) . After the second spate in 1994 there was a relative density increase in both optimal and suboptimal habitats on the next sampling date ; however, there was a long time interval between that event and the subsequent sampling date (Fig. 3) .
Discussion
In this study we have documented the larval instar LIFE CYCLE OF A TORRENTICOLOUS CHIRONOMID (7) 109 Fig. 2 . Individual larval headcapsule length and width regression for Telmatogeton torrenticola from Kinihapai Stream, Maui, Hawaii. This regression was used for predicting headcapsule width from length in order to facilitate sample processing. (8) Fig. 3 . Instar and pupal (life stage) frequency as histogram percent (100 % for all stages on a sampling date) of Telmatogeton torrenticola in relation to sampling date (expressed as Julian date) for 1995 optimal (3a), 1994 suboptimal (3b) and 1994 optimal habitats (3c) within Kinihapai Stream, Maui, Hawaii. Numbers at the top or bottom of each frequency histogram represent the total instar density X1000. The shading of histograms represents relative density difference between years and microhabitats where the darkest and lightest indicate the higher and lower densities, respectively. Spates (S) and high water events (*) are indicated during the study period.
densities and life cycle of Telmatogeton torrenticola from Kinihapai Stream, Maui, Hawaii. There are few Chironomidae life cycle studies from tropical regions of the world (Jackson & Sweeney 1995) , except for a few studies outside of Hawaii (Ferrington et al., 1993) , and several that included Chironomidae in analyses (but not as a focus) from neotropical streams of Costa Rica by Ramirez and Pringle (1998 a,b) , Ramirez and Pringle (2001) , Rosemond et al. (1998 Rosemond et al. ( , 2001 ) and Benstead (1996) . This study provides life cycle information on a tropical freshwater stream insect, and more particularly, quantitative ecology of the larval populations of an endemic Hawaiian midge. With the freshwater Telmatogeton species of Hawaii representing the only freshwater populations of the subfamily Telmatogetoninae, these data are particularly unique, since the more common marine relatives are found throughout the world (Cranston 1995) . The significant difference in stream discharge of Kinihapai Stream between two summers contributed to a loss of colonizable habitat for T. torrenticola, and significantly reduced larval populations in cascade and torrenticolous habitats. These flow differences also had an effect on inter-instar densities and proportions between years and among two microhabitats defined by flow, indicating that stream flow over both the long (between two years) and short term had an effect on the life cycle of T. torrenticola.
This Hawaiian stream midge has a multivoltine, asynchronous life cycle with continuous reproduction, which is common among Chironomidae (Oliver 1971 , Butler 1984 , Pinder 1986 ) including Puerto Rico (Ferrington et al. 1993) , and intertidal species in British Columbia (Morley & Ring 1972) , among many others (see Tokeshi 1995) ; however, the marine intertidal Telmatogeton japonicus Tokunaga from Japan is only thought to have two generations per year (Tokunaga 1935) . Other Chironomidae species can exhibit much longer life cycles (i.e., univoltine, semivoltine or merovoltine ; Tokeshi, 1995) , with one extreme being one generation every seven years reported for two Chironomus species from Alaska (Butler 1982) . Our results are also consistent with the only other published aquatic insect life cycle study from Hawai'i, which documented a multivoltine life cycle and continuous reproduction for the introduced caddisfly, Cheumatopsyche pettiti (Kondratieff et al. 1997) .
The data presented here were evaluated in optimal (OP) and suboptimal (SOP) microhabitats within the summer of 1994 and OP microhabitats of 1995. The mean daily discharge of the 1995 study period was significantly reduced by 40 % of 1994, and also corresponded with significantly higher temperatures. Overall total instar density was significantly higher in 1994 OP followed sequentially by 1995 OP and 1994 SOP with lower densities. First and 2 nd instar densities (not the proportion of early instars to the total larval population) followed the same pattern, but this was not the case with 1994 OP or 1995 OP 3 rd and 4 th instars, separately or pooled, which were both significantly greater than 1994 SOP, but not different from each other. The reduction in stream discharge reduces areas of shallow, high velocity and cascading flow and splash zones, the primary microhabitats of T. torrenticola larvae (Benbow et al. 1997) . We suggest that the lower discharge of 1995 severely reduced the amount of suitable habitat for larval colonization. This was reflected in our need to increase the study reach (from 50 m to 200 m) in order to locate appropriate substrate with torrential flow colonized by T. torrenticola. Increased water temperatures might have also changed the epilithic food quality of OP habitats, but with only a 1.1°C difference this seems unlikely. However, temperature and food quality influence chironomid life cycles (Butler 1982 , Tokeshi 1995 , and probably contributed to the lower 1994 SOP and 1995 OP densities.
We suspect that food quality may have been the limiting resource in 1994 SOP and 1995 OP habitats, affecting early instar generation time and persistence. Stream flow is known to have significant effects on epilithic community structure (Biggs & Close 1989 , Dodds 1991 , Biggs & Thomsen 1995 , Nikora et al. 1998 , which is the primary food resource of grazing chironomids such as T. torrenticola. Temperature and flow may have played a role in the lower 1994 SOP and 1995 OP densities directly by effects on insect metabolism (Butler 1982) , and/or by modifying the epilithic food resources. In this study, it appears that SOP microhabitats in a year of 'normal' flow were comparable to OP microhabitats during a year of significantly reduced stream discharge (1995) .
In many studies, aquatic insect density proportions typically decrease with later instars (i.e., densities of 1 st > 2 nd > 3 rd > 4 th ) (Benke 1984 (Benke , 1996 (Benke , 1998 . It has been found that density is negatively correlated with body size (Strayer 1994) , so it is expected that 1 st instars should be relatively more abundant than later instars in a multivoltine life cycle. The lack of T. torrenticola conformity to this expectation is probably explained by 1) losses of 1 st instars during sampling and 2) inter-instar habitat discrimination based upon larval space competition and agonistic behavior. A third explanation might be that the short duration of the early instars made sampling them difficult throughout the study. We undoubtedly lost most first instars due to coarse mesh size ; however, this was consistent between years and habitat, thus, changes should not reflect sampling bias. Also, numerous observations of intraspecific competition among the larger larvae were made in both study years (MEB, personal observations). When a grazing larva touched another larva there was usually a brief period (5 -10 s) of attacks until one retreated into its case or was dislodged from the substrate. Agonistic behavior has been reported in Telmatogeton (= Paraclunio Saunders) alaskensis Coquillett and T. trilobatus Kieffer, two marine chironomids that occupy the spash zones of intertidal rocky shores (Robles 1984) . Robles (1984) reported that these Telmatogeton aggressively defend silken tubes, and that the tube dispersion is usually uniform, probably a result of the agonistic behavior. Could larger T. torrenticola instars have been displacing smaller instars in this study ? This question needs further investigation.
Although pupae were collected over the course of each study period, densities were not great enough to accurately evaluate discrete emergence patterns. The absence of higher pupal densities, and corresponding higher proportions of the 4 th instars may, 1) represent single generations entering metamorphosis prior to emergence, 2) increased pupal mortality, or 3) show that only a small fraction of pupae remain in the larval habitat for metamorphosis, since the larval size frequency histograms indicate multiple overlapping generations. Thus, the pupae probably represent overlapping generations, and the low pupal percentages relative to the 4 th instar population (which also shows overlapping generations) indicate increased predation of pupae, physical dislodgement by 4 th instars, or intentional late 4 th instar drift to downstream sites for pupal metamorphosis (a possible life history adaptation to ensure successful emergence).
Because Kinihapai Stream is enclosed by two mountain ridges, and T. torrenticola is a flightless midge (Wirth 1947) , the only source of upstream recruitment must be that due to active upstream movement by adults. Indeed, adult upstream movement has been reported for other stream insects (Winterbourn & Crowe 2001) , and has been proposed to be of selective advantage for most stream insects (Anholt 1995) . If the majority of adults (or pupae) were continuously swept substantial distances downstream, larval populations would systematically be removed from upstream habitat without upstream migration and/or long-lived adults. The former is supported by laboratory studies (MEB unpublished data) showing that adults do not have a gut, thus, they do not feed as adults, and probably only have a 24 -36 h adult existence, similar to the conspecific T. japonicus (Tokunaga 1935 ; Williams 1944 ) and other flightless chironomids found elsewhere (Pinder 1986 ). Adult T. torrenticola have been commonly observed to scamper along the banks in small swarms or individually (Wirth 1947) . We suggest that the non-feeding adults migrate upstream along the banks during their temporary terrestrial existence. Intentional 4 th instar drifting to habitats of slower, but well oxygenated flow would increase the probability of successful emergence and adult existence, supporting continuous upstream recruitment.
Conclusions
In conclusion, this study is the first to document the life cycle of any midge in the Hawaiian Islands. Telmatogeton torrenticola has a multivoltine, asynchronous life cycle and continuous reproduction that is affected by long-term stream flow and microhabitat conditions. These data raise new questions concerning the role of microhabitat flow quality and life cycle parameters within a spatially and temporally heterogenous fluvial environment. Quantitative data on the life cycle of this torrenticolous midge, among different years and microhabitats, provides important information for understanding the Telmatogeton genera of the Hawaiian Islands. These populations represent an evolutionary reinvasion of freshwater from a marine existence, and we suggest that T. torrenticola and other Hawaiian Telmatogeton species could be used to empirically test hypotheses concerning life history adaptations and other evolutionary strategies allowing for intertidal marine insect invasion into freshwater lotic habitats. The data in this study are useful for a better understanding of the ecological and evolutionary patterns of the endemic freshwater chironomids of Hawaii.
